Background: Digital replantation attempt and success rates have been declining in the United States. Regionalization of digit replantation has been proposed as a solution to improve both attempt and success rates of these procedures. There is limited information about which criteria could establish a hospital as a center specialized for digit replantation. The authors analyzed hospital replantation volume and patient factors associated with successful thumb/finger replantation. Methods: A retrospective study using data from the 2008 to 2012 State Inpatient Databases of the Health Care Cost and Utilization Project from five states (New York, California, North Carolina, Utah, and Florida) was performed. The generalized estimating equation method was used to examine the association between patient characteristics and hospital volume and success of thumb/ finger replantation. A receiver operating characteristic curve and Youden's J statistic were used to determine annual hospital replantation volume cutoff levels for success rates. Results: There were 3417 digit amputation injuries, with 631 replantation attempts (18 percent) and with an overall thumb/finger replantation success rate of 70 percent. The hospital annual replantation volume increased the odds of success (OR, 1.06; 95 percent CI, 1.02 to 1.10). The annual hospital volume of three replantations was needed to achieve a success rate of 70 percent.
Conclusions: Practice patterns demonstrate that hospitals with higher annual volume have greater success. Identifying high-volume centers and regionalization of digit replantation should be considered a priority. factor contributing to the decreased prevalence and success of the procedure. 5 This study demonstrated that a shift in amputation cases from traditionally higher volume centers and surgeons to lower volume hospitals and surgeons has led to a decrease in both the rate and success of replantation at all institutions. Regionalization of care was shown to be effective in improving health outcomes after various traumatic injuries; however, the trauma system is not structured specifically to extremity injuries such as digit amputation. [9] [10] [11] Chung et al. determined that only 15 percent of hospitals in the United States perform replantation, and of those, only 2 percent perform 10 or more per year. 6 Peterson et al. performed a survey study of Level I and Level II trauma centers and found that the availability of replantation services was not consistent. 12 They demonstrated that 55 percent of Level 1 and 29 percent of Level II centers had immediate access to microvascular services on a daily basis, whereas other hospitals had inconsistent access or no coverage for replantation services at all. Currently, there are no specific criteria defining a specialized center for digit replantation or a minimum volume a hospital needs to have to maintain expertise in this area.
Using the 2008 to 2012 State Inpatient Databases of the Health Care Cost and Utilization Project from New York, California, Utah, North Carolina, and Florida, our specific aims were to (1) identify patient-related factors attributed to success or failure of thumb/finger replantation, (2) evaluate attempt and success rates of digital replantation over the study period, and (3) determine volume-outcome association in success of a replanted thumb/finger. We hypothesized that hospitals with a higher volume of replantation procedure had higher odds of successful thumb/finger replantation.
PATIENTS AND METHODS

Data Source
We performed a retrospective study using data from the State Inpatient Databases from five states with 3 to 5 years of data: California . 13 The Agency for Healthcare Research and Quality manages the Health Care Cost and Utilization Project.
14 Each database includes hospital discharge records for all patients with a unique patient identifier and hospital identifier, so patients can be followed over time within a 1-year period. 
Patient Selection
We included all patients who had digit amputation and underwent either revision amputation or single replantation during the follow-up period in five states. Targeted 
Statistical Analysis
We examined the association between hospital annual volume and result of digit replantation, adjusting for patient and hospital characteristics. We used the generalized estimating equation approach to examine the association between patient and hospital characteristics and success of digit replantation surgery after traumatic amputation. 16 We adjusted for repeated measures within each hospital by putting the hospital identifier variable after the REPEATED statement for the GENMOD procedure in SAS (SAS Institute, Inc., Cary, N.C.). We used a logit link function to model success of digit replantation. Hospital characteristic included hospital annual digit replantation volume. Patient characteristics included age, number of comorbidities, gender, type of insurance, race, median household income, and length of hospital stay.
We estimated the optimal cutoff value for the annual replantation volume at a hospital level by drawing the receiver operating characteristic curve and calculating Youden J statistic. The area under the receiver operating characteristic curve is a measure of the overall performance of a diagnostic test, which reflects the overall performance of the model. It ranges from 0.5 to 1. If the area under the receiver operating characteristic curve value is 0.5, the discrimination between the success and failure will depend on pure chance instead of variables in the model (the higher the area under the receiver operating characteristic curve value, the better the overall diagnostic performance of the test). To draw the receiver operating characteristic curve for our model, we used the same variables as we did in the generalized estimating equation model. We aimed to determine the optimal cutoff value for the annual replantation volume, adjusting for other variables in our regression model. We used the maximum value Youden J statistic, a common criterion for obtaining the optimal cutoff value of a continuous variable, to estimate the optimal cutoff point of annual hospital volume for the predicted success rate. 17 Detailed steps in SAS are shown in the Appendix (see Appendix, Supplemental Digital Content 1, http://links. lww.com/PRS/C66). The data analysis for this article was generated using SAS 9.3. Table 1 shows the characteristics of patients with attempted digit replantation. Of 515 patients who underwent replantation, 358 (70 percent) had successful replantation. Analysis of payer type revealed significant differences between patients with successful and patients with failed replantation (p = 0.001). Approximately 32 percent of patients with private payer compared with 12 percent of patients with no insurance had a successful replantation. Patients with a successful replantation had an average hospital stay of 5 days compared with 6 days for those with failed replantation (p = 0.009). Table 2 shows the results of the regression analysis, adjusting for patient mix. Patients with Medicare and Medicaid had higher odds of having successful replantation compared with private insurance (OR, 3.54; 95 percent CI, 1.24 to 10.16; and OR, 2.14; 95 percent CI, 1.10 to 4.15, respectively). Patients with no charge or other type of payer compared with those with a private payer had lower odds of success (OR, 0.58; 95 percent CI, 0.37 to 0.92). Finally, hospitals with a higher annual digit replantation volume had greater odds of performing successful replantation (OR, 1.06; 95 percent CI, 1.02 to 1.10). Figure 2 shows unadjusted attempt and success rates for digit amputation injuries, clustered by hospital digit replantation volume. Hospitals that had fewer than two annual digit replantations (low-volume) attempted to perform replantation of 11 percent of digit amputation injuries, with a 68 percent success rate. In contrast, hospitals that had five or more annual digit replantations (high-volume) attempted to perform replantation of 31 percent of digit amputation injuries, with a 75 percent success rate. Figure 3 shows the estimated receiver operating characteristic curve based on a continuous number of annual replantations at each hospital. The area under the receiver operating characteristic curve value was 0.69, which suggests an acceptable overall performance of the model. The best cutoff corresponding to the highest Youden J statistic was hospitals with at least three annual replantation cases. At this point, the success rate for digit replantation was 70 percent. In addition, our sample indicates that to achieve an 80 to 90 percent success rate, hospitals should perform a minimum of 17 digit replantation cases annually.
RESULTS
DISCUSSION
In this study, we used state-level Health Care Cost and Utilization Project data from five states to examine the influence of patient factors and hospital volume on thumb and finger replantation success. The overall rate of success was 70 percent over the study period, which is consistent with previously published studies. 4, 5, [18] [19] [20] Patient demographic characteristics did not contribute to success or failure, although payer type showed some significant differences. Hospitals that performed a greater number of annual replantations achieved a higher rate of success, and successful replantations were associated with a shorter length of stay. Lastly, we were able to calculate the annual volume of replantations necessary to achieve 67 percent and 80 percent success rate using a receiver operating characteristic curve, which is unique to this study.
The success or failure of digit replantation has been considered highly dependent on intraoperative decision and technical proficiency, but also affected substantially by the mechanism of injury. 8, [21] [22] [23] Similar to our findings, nonsurgical patient factors have not been shown to have a significant influence on success. 19 Our study revealed that payer type affected the outcomes of replantation. Interestingly, those with Medicaid and Medicare had improved odds for success in comparison with those with private payer. Prior work has established that patients with no insurance or undesirable insurance are more likely to be transferred to higher volume trauma centers compared with patients who have private insurance. [24] [25] [26] Our data show a slightly higher percentage of patients with Medicaid and Medicare in high-volume hospitals compared with low-volume hospitals (10 percent versus 8 percent, but not statistically significant). It may be that the greater success in this population is secondary to the fact that Medicaid patients were being transferred to higher volume replantation hospitals. Previous studies have also demonstrated the influence of smoking and certain comorbidities on replantation success. 18, 21, 22, 27, 28 Our study evaluated the number of comorbidities and did not find an association with replantation success or failure. Overall, the relative lack of influence of patient characteristics further supports the argument that the immediate survival of a replanted digit is dependent more on the operative proficiency of the surgeon.
This study found that increased volume increased the success of digit replantation as shown by both the logistic regression and the receiver operating characteristic curve. Multiple studies have demonstrated that the attempt rate of replantation is greater at higher volume replantation hospitals.
6,18,29 Shale et al., using the National Trauma Data Bank, found a 16.5 percent attempt rate for thumb replantation, and the odds of attempting replantation was 3.4 at a high-volume center; similarly, they found similar success rates among those institutions. 18 Our study, which was inclusive of all hospitals across certain states, found an association between the success of replantation and hospital volume. Higher volume hospitals, including large academic institutions and extremity specialty hospitals, are not necessary designated trauma centers. Fufa et al. reported the results of digit replantation at two Level I trauma centers and reported a success rate of 57 percent, but suggested that more limited volume at these institutions may have led to declining success rates. 4 Our results indicate that the majority of digit amputation injuries are treated in lower volume centers, with a 68 percent success rate. A hospital with greater replantation volume is more likely to attempt replantation and more likely to have a successful outcome. High-volume replantation centers in the United States should be well known and should be considered the first choice for transferring patients with digit amputation injuries.
Lastly, our study established cutoffs for annual hospital volume with regard to rate of replantation success. These numbers may serve as benchmarks for institutions desiring to perform replantation and may offer some starting point for establishing centers designated for replantation. Although many other factors Plastic and Reconstructive Surgery • March 2017 may affect the overall outcome of an individual replantation, research indicates that hospitals and surgeons who perform complex procedures more often have better outcomes. 5, 8, 30 From the standpoint of establishing guidelines for transfer, it is more helpful to target the success of an entire institution. An institution that performs more replantations may also have the support staff and resources that contribute to a higher rate of success in performing replantations.
Establishing criteria for where replantations should take place will help in "centralizing" the care of digit amputation injuries.
The presented study has some limitations. The success of digital replantation is largely considered to be multifactorial. Some elements include the mechanism of injury, the quality of the amputated digit, storage of the amputated digit, access to care, the technical precision and quality of the surgery performed, health status of the patient, and proper postoperative care and monitoring. 19, 20, 31 In this study, we examined the number of chronic conditions recorded for injured patients. It is plausible that the presence of specific illnesses such as diabetes and not the number of comorbid conditions would change the probability of success for replanted digits. Prior work has established the influence of ischemia time, number of venous and arterial anastomoses, and individual surgeon volume. 5, 20, 23, 32 Not every single contributing factor was controlled for in this study. This study also does not reflect the function of any of the replantations with regard to sensation or movement. Finger stiffness is less of a concern for the thumb because key pinch can still be maintained with fusion of the interphalangeal and/or metacarpophalangeal joint if the carpometacarpal joint is working. In addition, the accuracy of the model in this study is dependent on the coding and accuracy within the selected databases. We were able to identify and limit any duplications to provide a clean and uniform data set to analyze. Our model tracked replantations and amputations performed within a 2-week period. This does not reflect any subsequent amputation that might have occurred secondary to late loss, residual pain, or functional limitation. Lastly, under International Classification of Diseases, Ninth Revision coding, only thumb and finger are differentiated with regard to amputation and replantation. This makes the analysis of digit replantation more difficult. A ring finger may undergo replantation, whereas the index or small finger may have a full or partial amputation. We eliminated multiple episodes of digit injuries for this reason. In the newer International Classification of Diseases, Tenth Revision coding, each individual finger is identified. Finally, this study was not a nationally representative study of digit replantation. The national average might be lower or higher than what we observed in the five states included in the study. We specifically chose California, New York, Utah, Florida, and North Carolina because we were able to follow patients longitudinally for a 1-year period to examine the success or failure of digit replantation.
Currently, transfer of amputation injuries is largely at the discretion of the outside treating physician. Informal systems among hospitals have developed based on the local or regional knowledge of which hospitals accept potential digital replantation patients. Caffee and Rudnick studied hand trauma emergency care surveying both hospital and hand surgeons across a designated area. Of the 13 hospitals, five had hand surgery available every day, five had variable coverage for hand surgery, and three had no hand surgery availability. 33 They found that many hand surgeons took no call or limited the availability to less than 4 days per month. The authors proposed the concept of regional hand centers with enough qualified hand staff as one solution to this problem. Similarly, Richards et al. reviewed finger amputation injuries in Florida. They demonstrated that patients were being transported farther and rates of finger replantation were declining despite an increasing number of amputation injuries. 34 The current referral and transfer system may not emphasize the identification of digital microsurgical services, which could enhance the current trauma care system. A hospital's digit replantation volume was associated with success of replantation (better outcome). Digit replantation is a complex and expensive operation. The American College of Surgeons and the American Society for Surgery of the Hand should be applauded for their efforts on regionalizing hand and upper extremity trauma care. Identifying high-volume digit replantation centers should be a priority.
